A bidirectional expression vector containing both the 11KD late promoter (pll) and the presumptive 25KD early promoter (p25) was constructed. These bidirectional vectors have been applied to the expression of hepatitis B surface antigen by using one of the promoters for l-galactosidase as the marker gene and the other one for hepatitis B surface antigen as the target gene.
We have reported on the nucleotide sequence of a gene coding for the late 11,000-dalton polypeptide of the Tian Tan strain of vaccinia virus which had been used extensively in China for smallpox vaccination for over 60 years (5) . Like other late promoters, the promoter of the 11KD gene (pll) ends with the sequence TAAATG (4) . The promoter pll is located at the right end of the Hindlll F fragment of the vaccinia virus genome and has a rightward orientation. A previous Si mapping study has demonstrated a strongly expressed leftward transcript encoding a polypeptide of 25,000 daltons located upstream of the EcoRI site at the right end of the Hindlll F fragment (2) . Our DNA sequencing result also indicates that there is an unterminated open reading frame consisting of 384 nucleotides (128 amino acids) starting from 159 nucleotides upstream of the ATG codon of the 11KD gene to the Clal site (Fig. 1A) . This open reading frame is located on a different DNA strand from that of the 11KD gene and runs in an opposite direction (unpublished result). We presume that this open reading frame is a part of the early 25KD gene. Thus, the 200-nucleotide sequence upstream of the 11KD gene published by us (5) appears to contain two promoters running in different directions; the one oriented rightward is the late promoter pll, and the other, which is oriented leftward, is the presumptive 25KD early promoter (p25). In this communication, we report the construction of the bidirectional gene expression vectors pJ15 and pJ16 containing both pll and p25, which permit the expression of two genes through a single recombination in vivo. The utilization of these plasmids for the simultaneous expression of hepatitis B surface antigen and 3-galactosidase is also described.
The thymidine kinase gene-containing HindIII-XhoI fragment was isolated from the HindIII-J fragment of the Tian Tan strain of vaccinia virus and cloned into the plasmid pAT153 at Hindlll and SalI sites. A specially designed polylinker sequence was chemically synthesized and inserted into the ClaI and EcoRI sites of the thymidine kinase gene (Fig. 1B, pJ13 ). The RsaI-HindIII fragment containing both pll and p25 was isolated from the plasmid pFc8 (5) (7) . The 2.0-kilobase-pair EcoRI-BglII fragment containing the S gene of the adw subtype of hepatitis B virus was isolated from pAO1 (3) . As illustrated in Fig. 2 (6) . Tk virus was selected in bromodeoxyuridinecontaining medium. About 50% of Tk plaques were blue when overlaid with X-gal-containing agar, indicating that P-galactosidase was produced. All blue plaquies hybridized with a 32P-labeled S gene probe (data not shown). Blue plaques were picked and further purified twice before inoculation into human 143 cells for the assay of HBsAg by Abbott AUSRIA 11-125.
As shown in Table 1 , all three recombinant viruses secreted HBsAg. The amount of HBsAg secreted by RVJ 114 with the S gene under the control of pll was higher than that of RVJ 103, in which the S gene was under the control of p25. The yield of HBsAg could be substantially increased by increasing the multiplicity of infection from 0.5 to 30. As much as 7.48 ,ug of HBsAg per 5 x 106 cells was obtained after infection with RVJ 114 at a multiplicity of infection of 30. These data indicate that both pJ15 and pJ16 are useful vectors for the simultaneous expression of two foreign genes by a single recombination.
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